Solutions of sodium fluoride at pH 3 to 4 inactivated enteroviruses, whereas other sodium salts had little or no effect on virus infectivity. Solutions of potassium fluoride also inactivated viruses under similar conditions. Light, temperature, and the presence of organic compounds such as detergents and fecal matter did not affect inactivation of virus by 0.4 M solutions of sodium fluoride at pH 3 to 4. Decreasing the sodium fluoride concentration below 0.04 M or raising the pH above 4 reduced the viricidal properties of the solutions. Virus adsorbed to membrane filters and sludge flocs could not be recovered after treatment of solids-associated virus with solutions of sodium fluoride. (4, 5) . The antiviral activities of certain compounds used as food additives or present in some foods, such as sodium bisulfite and ascorbic acid, have been described (7).
Solutions of sodium fluoride at pH 3 to 4 inactivated enteroviruses, whereas other sodium salts had little or no effect on virus infectivity. Solutions of potassium fluoride also inactivated viruses under similar conditions. Light, temperature, and the presence of organic compounds such as detergents and fecal matter did not affect inactivation of virus by 0.4 M solutions of sodium fluoride at pH 3 to 4. Decreasing the sodium fluoride concentration below 0.04 M or raising the pH above 4 reduced the viricidal properties of the solutions. Virus adsorbed to membrane filters and sludge flocs could not be recovered after treatment of solids-associated virus with solutions of sodium fluoride.
Viruses may be inactivated by exposure to certain chemical disinfectants. Alkylating agents such as glutaraldehyde and formaldehyde (6, 8) have been found to be viricidal under certain conditions. High concentrations of urea (1 to 3 M) can inactivate poliovirus (3) . Antiviral materials may be present in fruit juices or fruit extracts (4, 5) . The antiviral activities of certain compounds used as food additives or present in some foods, such as sodium bisulfite and ascorbic acid, have been described (7) .
As part of a study of factors that influence virus-solids interactions, it was found that solutions of sodium fluoride at low pH rapidly inactivated poliovirus and other enteroviruses. The initial results of a study on inactivation ofviruses by solutions of sodium fluoride are presented in this paper.
MATERIALS AND METHODS
Viruses and viral assays. Poliovirus type 1 (strains LSc and Mahoney), echovirus type 4 (Pesacek), and coxsackievirus B3 (Nancy) were used in this study. Viruses were quantitated as plaque-forming units by using BGM cells and a methylcellulose overlay procedure (1) . Viruses were diluted in phosphatebuffered saline with 2% calf serum before assay.
Chemicals. The with added virus at pH 3.5 was passed through a 0.45-,um type HA membrane filter (Millipore Corp., Bedford, Mass.) in a 2.5-mm holder. Virus in the initial sample and in the filter effluent was measured to determine the amount of adsorbed virus. Similar procedures were used with Zeta-plus C-30 filters (AMF Cuno Division, Meridan, Conn.), except that tapwater at pH 6.5 to 7.0 was used in the adsorption step. A 10-ml volume of one of the test solutions described in Table 4 was passed through the filters, and virus removed by this solution was measured. Next, 10 ml of 3% beef extract (Inolex Corp., Glenwood, Ill.) at pH 9 was passed through the filters.
Inactivation of virus adsorbed to sludge flocs. Virus was mixed with aerobically digested sludge from the University of Florida wastewater treatment plant for 5 min. Portions of sludge (20 ml) were centrifuged at 4,000 x g for 5 min. Virus remaining in the supernatant was determined. The flocs were mixed with 20 ml of the solutions for 1 min by shaking and then centrifuged. Virus in the supernatant was measured, and the flocs were mixed with 20 ml of 3% beef extract (pH 9). After mixing, the pH was checked and readjusted to pH 9 by dropwise addition of 1 M lysine (pH 11.5) if necessary. After centrifugation as described above, virus remaining in the beef extract supernatant was determined.
RESULTS
Viruses in solutions of 0.6 M sodium fluoride at pH 3.1 were rapidly inactivated (Table 1) .
Little or no inactivation of virus in other sodium salts or in buffer at pH 3.1 was observed over 30 min. The results obtained in Table 1 were obtained by using glycine as a buffer and adjusting the samples with hydrochloric acid. Similar results were obtained when sodium phosphate was used as a buffer and the solutions were adjusted by addition of hydrochloric or nitric acid. Poliovirus was also inactivated in solutions of 0. 4 (Table 3) .
Although most studies were carried out at ambient temperature (25°C) and in the presence of normal background lighting, the absence of light had no effect on the inactivation of poliovirus type 1 over 15 min in solutions of 0.4 M sodium fluoride at pH 4. Inactivation of poliovirus in solutions of 0.4 M sodium fluoride at 10C in the presence or absence of the background light was similar to inactivation at 25°C.
Solutions of buffer, 10% fecal matter, 0.1% Tween 80, and 0.1% cetyltrimethylammonium bromide at pH 3.2 were not viricidal over 15 min. Similar solutions with 0.4 M sodium fluoride included decreased the titer of added poliovirus by >2.70 logio.
Treating membrane filters or sludge flocs and adsorbed virus with solutions of sodium phosphate did not interfere with subsequent elution of virus by basic solutions of beef extract (Table  4 ). After the filters or sludge flocs + adsorbed virus were treated with solutions of sodium fluoride, little or no virus could be recovered by the beef extract eluent.
In this study, samples were usually diluted 1: 100 in phosphate-buffered saline-2% calf serum before the addition of 0.1 ml to 25-cm2 cell monolayers for viral assays. In some cases a dilution of 1:10 or 1:1,000 was used. Therefore, the concentration of sodium fluoride in the samples applied to cell monolayers was usually 0.004 M or, rarely, 0.04 M. These concentrations of sodium fluoride in assayed samples had little effect on cell monolayers or plaque production by poliovirus type 1 as compared with similar virus concentrations in buffer solutions containing no sodium fluoride. Therefore, the absence of plaque production in assayed samples con- Based on these results, we feel that the possible use of low-pH solutions of sodium fluoride to inactivate viruses on surfaces or associated with organic matter should be investigated. Also, studies on the mechanism of inactivation by sodium fluoride should be pursued both to explain the results presented in this paper and to determine whether compounds capable of inactivating viruses in the same manner can be found or developed.
